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(54) Pilot signal transmission technique and digital communication system using same 



(57) In a digital communication system such as a 
mobile radio system, fading distortion is compensated 
with a raised precision. In a transmitter, pilot signals are 
regularly inserted in the information signals. The ampli- 
tude of the pilot signals are set larger than the maximum 
possible amplitude of the information signals. The mod- 
ulation scheme of the pilot signals may be different from 
that of the information signals. In a receiver, the fading 
distortion of each of the pilot signals is determined. The 
fading distortions of the information signals are esti- 
mated by interpolation using the determined fading dis- 
tortion of the pilot signal, and then compensated. The 
frequency band of each information signal is preferably 
limited with a roll-off filter with a roll-off coefficient rang- 
ing from 0.1 to 0.4. 
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FIG. 3 is a diagram of an exemplary signal constellation for 1 6-APSK (amplitude phase shift keying) used in a first 
example; 

FIG. 4 is a diagram showing a symbol stream transmitted in a digital communication system that serves the mobile 
telephone terminal 1 of FIG. 1 ; and 

FIGs. 5 through 8 are signal constellations for m -QAM, 16-QAM, 8-PSK and QPSK according to the principles of 
the invention. 

[001 1 ] Throughout the drawing, the same elements when shown in more than one figure are designated by the same 
reference numerals. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 



[001 2] FIG. 2 is a schematic block diagram showing a part of an illustrative embodiment of a mobile telephone termi- 
nal 1 that incorporates a fading distortion compensation system in accordance with the principles of the invention. A 

75 transmission system (shown in upper part of FIG. 2) of the mobile telephone terminal 1 includes a serial-to-parallel 
(S/P) converter 10; a base band signal generator 20 having its input connected with a converter 10 output; a pilot (or 
frame) signal inserter 110 having its in-phase (I) input and quadrature-phase (Q) input connected with respective out- 
puts of the base band signal generator 20; low pass filters (LPF) 30 having their inputs connected with pilot signal 
inserter 110 outputs; a radio transmitter portion 40 having its I and Q inputs connected with I and Q LPF 30 outputs, 

20 respectively; an antenna duplexer 50 having transmission input connected with the transmitter portion 40 output; and 
an antenna 60 used for both transmission and reception. A reception system (shown in lower part of FIG. 2) of the 
mobile telephone terminal 1 includes a radio receiver portion 70 having its input connected with a duplexer 50 reception 
output; LPFs 80 having their input connected with radio receiver portion 70 I and Q outputs; a fading distortion compen- 
sator 100 having its I and Q inputs connected with respective LPF 80 outputs; and a decision maker 90, having its input 

25 connected with a compensator 100 output, for providing received data. The fading distortion compensator 100 includes 
a phase error estimator 120, an amplitude error estimator 130 and a phase and amplitude compensator 140. The 
mobile telephone terminal 1 further includes a controller 170 for controlling overall operation of the terminal 1 . 
[0013] In transmission operation, binary data is supplied in the form of a bitstream to the S/P converter 10. The S/P 
converter 10 converts the serial binary data into a parallel data of a predetermined number of bits. The base band signal 

30 generator 20 generates an in-phase (I) and quadrature-phase (Q) components or signals for a symbol associated with 
the parallel data. 

[0014] FIG. 3 is a diagram of an exemplary signal constellation for 1 6-APSK (amplitude phase shift keying) used in a 
f irst example. FIG. 4 is a diagram showing an operation of the pilot signal inserter 1 10 of FIG. 3. In FIGs. 3 and 4 and 
the following figures of signal communications, small black-filled circles indicate information symbols and small white- 

35 filled circles indicate pilot (or frame) symbols. 

[001 5] In this specif ic example, the base band signal generator 20 generates I and Q components of one (ISi) of the 
1 6 possible information symbols IS-j , IS 2 IS p which is associated with each of the parallel data supplied to the gen- 
erator 20, where i = 1 , 2 P, and P is the number of possible information symbols (16 in this specific example) in the 

modulation scheme. The information symbol stream supplied from the base band signal generator 20 is shown in the 

40 upper part of FIG. 4. 

[0016] The pilot signal inserter 110 inserts a pilot signal PS in every predetermined number of information symbols, 
say, N-1 symbols St , .. to make a frame of N symbols S 0 , S-i,... S N .-| as shown in FIG. 4. In each frame of the sym- 
bol stream output from the pilot signal inserter 110, 

Sj =i ps fori=0 (1) 

LlSi forj =1,2 N-1. 



50 

[0017] It is seen from FIG. 3 that the pilot signal PS (=S 0 ) is preferably disposed so as to make an angle of n/B with 
adjacent information signal points. Thus, the pilot signal PS = (PS,. PS Q ) is preferably set to any of the following 
points: 

PS.-R-cx^ + S 
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PS Q .R*sin(!f + |), 
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where i = 1 .2 16 and R is the ^^^^^ PS is se t larger than that of any information signal 

[0018] According to the pilot signal amplitude B for a range larger than 

that is. 

Rmax < R = l.6*Rmax. 

3SS?(?N»« filters) having the following character,^: 

f 1 . • • <d < a> 0 (1- a) 



H(a>) = sin " . • • G) o (1-a)<6><a>o0 + <>0 
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tia the duplexer 50 and the antenna 60. * reception < J£^,2£>n 70 is filtered by the LPFs 80 and 
PMB1] received by the antenna 50 the ^^^^S^Si the phase and amplitude compensator 
supplied to thephase error esfcmator 120 the '^^J^^ signa , to the conpensator 140. The amplrtude 
1 40. The phase error estimator 120 J^^^S^JSSi amplrtude error signal for each informal s.gna^ 

nents. KI e a hit error rate to be reduced without influencing on the ratio of peak to 

^TSlpKud. errors of the Wonmton sior* . er.r*nc«L 

Modification 

[0023] Though the embodiment has « *«*^ miu- 

kny niore-than-7-signa.^oint ^^^ em \ E ^^l^u^s e shift keying) in the following. 



[0024] . 

^"^£SSS as shown in FIG. 5. « the information signa. points .Si (i - 1 . 2 *"> are written as (ISi„ «S, 0 ) 

in l-Q coordinates, the points are expressed as follows: 
55 ISi I = s(2 n ^a 1+ 2 m - 2 a 2 -K..+2 0 a m ) (4) 

ISi Q = S(2 ,,v1 b 1+ 2 ,,v2 b 2+ ... + 2 0 b m ) 
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where s is a constant and each of a* and bk (k = 1 , 2,..m) represents 1 and -1 . i.e.. (a*, b^ represents four points (1,1), 
(1, -1). (-1, 1) and (-1, -1). In this case, the pilot signal PS is disposed on either of the I and Q axes such that the ampli- 
tude (R) of PS is larger than that (Ri) of any possible symbol points. In the specific example of FIG. 5, the pilot signal is 
disposed on the positive range of the I axis. 

[0026] In case of 16-QAM, the possible symbol points are expressed as follows: 

ISi,=s(2 1 a 1 +2 0 a 2 ) (5) 
IKq-sP 1 ^ +2°b 2 ). 

In this case, the pilot signal PS is preferably disposed on either of the I and Q axes such that the amplitude (R) of PS is 
larger than that (Ri) of any possible symbol points ISi as shown in FIG. 6 
[0027] In case of 8-PSK as shown in FIG. 7, the possible signal points are expressed as: 

75 ISi, = r*cos(irc/4) (6) 

ISi Q = r*sin(i7i/4). 

In this case, since the pilot signal PS is preferably disposed so as to make an angle of rc/8 with adjacent information 
20 points, the pilot signal PS = (PS PS Q ) is preferably set to any of the following points: 

PS, = R*cos(*!f+!) 

PS Q «R*sin(!J+g) 
where k = 1 , 2 8 and R is the amplitude of the pilot symbol that satisfy: 

30 

r<R^1.6*r. 

[0028] In case of QPSK as shown in FIG. 8. the possible signal points are expressed as: 
35 ISi, = r*cos(^) (7) 
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ISi Q = r*sin(|+^). 



In this case, since the pilot signal PS is preferably disposed so as to make an angle of n/4 with adjacent information 
points, the pilot signal PS = (PS ,, PS Q ) is preferably set to any of the following points: 



PS, = R*cos(J(1+i)) 

6M- 



PS Q = R*sin 

[0029] Many widely different embodiments of the present invention may be constructed without departing from the 
spirit and scope of the present invention. H should be understood that the present invention is not limited to the specific 
embodiments described in the specification, except as defined in the appended claims. 

Claims 

1 . A method of transmitting digital data by wireless so as to permit a reception in a reduced bit error rate in a digital 
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wireless communications system, the method including the steps of: 

converting said digrtal data into a first stream of information signals through a more-than-7-signa.-point modu- 

lation scheme; n * cairi information signals into a second stream of said 

information signals; and 

transmitting said second stream by wireless. 

shift keying, 
signal space. 

2 m -signal point quadrature amplitude modulation. 
8. A method as defined in Calm 1 . wherein said more-than-7-slgna.-point modulation scheme is an 8 phase she key- 

ing. 

signal space of said 8 phase shift keying, 
including the steps of: 

converting said digital data into a fin* stream of information signals through a quadrature phase shif, Keying 

modulation; M n * ™h infnrmatinn sianals into a second stream of said 

information signals; and 

transmitting said second stream by wireless. 

ulation. 

* ^^^^^ 

with a roll-off fitter with a roll-off coefficient rangmg from 0.1 to 0.4. 
1 4. A system capable of transmitting digrta. data by wireless so as to permit a reception in a reduced bit error rate, the 

system including: 
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means for converting said digital data into a first stream of information signals through a more-than-7-signal- 
point modulation scheme; 

means for inserting a pilot signal regularly in said first stream of said information signals into a second stream 
of said information signals and said pilot signal, an amplitude of said pilot signal being larger than that of any 
5 of said information signals; and 

means for transmitting said second stream by wireless. 

15. A system as defined in claim 14, wherein said inserting means includes means setting said amplitude of said pilot 
signal not larger than 1 .6 times a maximum possible amplitude of said information signals. 

10 

16. A system as defined in claim 14, further including means for limiting a frequency band of each information signal 
with a roll-off filter with a roll-off coefficient ranging from 0.1 to 0.4. 

17. A system as defined in claim 14, wherein said more-than-7-signal-point modulation scheme is a 16-amplitude 
is phase shift keying. 

18. A system as defined in claim 17, wherein said pilot signal is so disposed as to make an angle of ji/8 with adjacent 
information signals in an in-phase and quadrature-phase signal space. 

20 19. A system as defined in claim 14, wherein said more-than-7-signal-point modulation scheme is a 2 m -signal-point 
quadrature amplitude modulation, where m is a positive integer not smaller than 3. 

20. A system as defined in claim 1 9, wherein said pilot signal is disposed on one of an in-phase axis and a quadrature- 
phase axis in a signal space of said 2 m -signal point quadrature amplitude modulation. 

25 

21 . A system as defined in claim 1 4, wherein said more-than-7-signal-point modulation scheme is an 8 phase shift key- 
ing. 

22. A system as defined in claim 21 , wherein said pilot signal is so disposed as to make an angle of ti/8 with adjacent 
30 information signals in an in-phase and quadrature-phase signal space of said 8 phase shift keying. 

23. A system capable of transmitting digital data by wireless so as to permit a reception in a reduced bit error rate, the 
system including: 

35 means for converting said digital data into a f irst stream of information signals through a quadrature phase shift 

keying modulation; 

means for inserting a pilot signal regularly in said first stream of said information signals into a second stream 
of said information signals and said pilot signal, an amplitude of said pilot signal being larger than that of any 
of said information signals; and 
40 means for transmitting said second stream by wireless. 

24. A system as defined in claim 23, wherein said pilot signal is so disposed as to make an angle of rc/4 with adjacent 
information signals in an in-phase and quadrature-phase signal space of said quadrature phase shift keying mod- 
ulation. 

45 

25. A system as defined in claim 23, wherein said inserting means includes means setting said amplitude of said pilot 
signal not larger than 1 .6 times a maximum possible amplitude of said information signals. 

26. A system as defined in claim 23, further including means for limiting a frequency band of each information signal 
so with a roll-off filter with a roll-off coefficient ranging from 0.1 to 0.4. 

27. A mobile telephone that communicates digital data with a reduced bit error rate, the mobile telephone comprising: 

a transmission system; and 
55 a receiver system, said transmission system including: 

means for converting said digital data into a f irst stream of information signals through a more-than-7-signal- 
point modulation scheme; 

means for inserting a pilot signal regularly in said first stream of said information signals into a second stream 
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of said information signals; and 

means for transmitting said second stream. 

^-sr-asr-sarffl 
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(57) In a digital communication system such as a 
mobile radio system, fading distortion is compensated 
with a raised precision. In a transmitter, pilot signals are 
regularly inserted in the information signals. The ampli- 
tude of the pilot signals are set larger than the maximum 
possible amplitude of the information signals. The mod- 
ulation scheme of the pilot signals may be different from 
that of the information signals. In a receiver, the fading 
distortion of each of the pilot signals is determined. The 
fading distortions of the information signals are estimat- 
ed by interpolation using the determined fading distor- 
tion of the pilot signal, and then compensated. The fre- 
quency band of each information signal is preferably lim- 
ited with a roll-off filter with a roll-off coefficient ranging 
from 0.1 to 0.4. 
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